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- In experimentdl frostbite, more severe injury is seen In
saes thag in .apiély thawed tissues frozen for ine same length of
of healing which follows a given exposure time depends upon %
the area sectioned, and the duration of freezing: The most s
ferences between slow- and rapit-thawed k

early as one hour giter exposure, exhibits areas o
ial muscle cells are distorteu and twisted.

- rapid thauiug, the endethelzal cells rezal in- ate cne& To the

contzins numgrqus hyperc&roaa;ic cell_
ly apparent and the internal clastic lamina of rapidly thawed
and demonstrates only occasional areas of 1oss of staingbility.
cells are wmuch less distorted and twistéd. Ia Jompari
initial injury appears less severe, and repair is initiare:
This is not without complications, however, in
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_iacima. Thraa days after
ting andé the meqis
By six dﬁvs intizel pfolif ig
d arteri
ainabilic The medizl muscie
mparison o slow-thaved tissuss, the
d aarlier and is more oom-
# that reactive inctizmal prelil-
eration appears o progres3 to partzal oz to.a* ccelusion of the invoived vasselss




UNCLASSIFIED

. Sccurity Classification
14, - . o
i S REY WORDS

T

Frostbite
Cold injury™
Rapid rewarmirg
Endarteritis
Vascular lesions

ra

"

! ity ,,,“.,,‘.[‘n‘.n Ty A
i
!
b W

Mt

A

- - -
= - e o 2 = =

x
=

Aw o ww

- -, 14

{BAE:

N fome {477

H H :
H
H
H
s H
H i
: H
H :
< H =
H i
i _
- H
P 2 H
P e i ; !
4 = -5
E H E EH
H F z
H
i -
H z -
L z
.
H
H £
i N C -
i
H = -
b
: H
H
5 H
H 3 H -
* £
§ E
: id
x
H = ~ -
H H
s H
N H
i
i -
3 -
2
£ )
: H
e m S wmimes




Reprinted trom tt.e Archives of Pathology
September 1971, Voiuinz 2
Copyright 1971, American Medical Association

i

gascular Injury Due to Cold
4 fr

ects of Rapid Rewarming

Hurry M. Corpenter, MD; Lioyd A. Hurley. AMD; Esther Hardenbergh, ScD; and

R. Bland Villiams. A1), Bethesde, Md -

A D

bt

AL s




153

yascular Injury Due to Coid

Affects of Rapid Rewarming

Harry M. Carpenter. M1); Lioyd A. Hurley. MD): Esther Huardenbergk. ScD: and

. Blarnd Williams. MD. Bethesda, Md

In experimentally induced frosthile, more se-
vere injury is seen in slowly thawed tisaves
than in rapidly thawed lissues. Hislologic changes
described here show vascular reactions which
correiste with lissue survival studies. The experi-
menial procedure was & standazd injury to the
rabbit hind kimb, followed by cither rapid re-.
warming (hot walet) or spomiantous Whawing
at room tfempersture. Following siow thawing,
thelisl celis are almost completely shed in-
lumen, the intemal elastic lamina is dis-
and medisl celis are dislorted and
and hecome nacrotic. Following rapid
mwunm;weom

mmm&uﬂtm
i elastic lamina remains intact,

s

i

i
i
%

and medial celis are mm.d.mww
injury of rapidiy thawed tissur appears less se-
Yere; reoaic is iniliatad earlier and-is more com-

plele. Surviving vessels prasent varying degrees
of irreversible endarteritis oblitersns.

THE BEST treatment for frosthite is now
believed to be rapid rewarming of the
affected part in hot water (420). It has
been shown experimentally in the Iabaratory
that of the many {reatments tried, this one
results in the most ticcue survival. NMuch of
the evidence is sumrmrized in revicw arti-
cles by Lewis' and Lapp and Jucrgenss
Clinical observations seem to agree with the
Inboratory findings.'= How rapisd rewarming
produces a beneficial effect is not reaily
known, although one facter may be the pro-
duction of maximal blood flow in the injured
area brought about by the dilating effect of
heat on the blood vessels at the time of
thawing.

Acoepted for publication Aprit 15, 175

From the departments of milwlozy and ph\v.m%m
Y. Nwal Medica! Resarch Indtitate,  National
Naval Medienl Center. Bethesda, M.

The opinions and aseertions  contained  borein
are the private omx of the writer and are not o
be comctioed a< official or reflecting the views of
the Navy Depariment or the naval serviee.at large.

Reprint toquests fo Eor” onmento]  Rireiences,
Naval Medinl Resenrch | stute, Nztional Naval
Malial Center. Betheala, T sl 20014 (D Handn
terghy,

There is litile doubt that vascular altera-
tions plav a role in the development of
tissue necrosis following freezing injury, be
it by direct injury to the vascular tissue or
from vascuiar reaction to akvormal metabo-
lites released by other damaged cells. The
following is a report on a histological study
of vascular Jesions in the rabbit foot exposed
to a standard freezing injury, and on e
effect of rapid and slow rewarming on the
recovery from the injury. The histologic
findings support the chmaﬂ observation that
rapidly rewarmed tissue has a bettér chance
of survival than slowly rewamed tissue.

Materiaks and Metlods

Adult alhino rabbits weighing more than 2.-
500 gm were used. Under’ peatobarbital sodium
ancsthesia. these animals were subjected to 2
standard freezing injury, the details of which
have previously hecit published$ In brief. the
hind limb of each animal was exrosed to a freez-
ine mixture kept at a tempermure of ~15C.
The duration of frrezing was indicated by a
thermocouple leeatea deeps within the interos-
seous space betwreen the second and third meta-
tarsal bones (Fig 1). ‘The animals were divided
intso four proups as indicated in Fig 2 In
groups 1 and 4, the frozen fool was allowed to
thaw in air at room tempercture, while in
groups 2 and 3 the fodt was mmmersed in a
water hath at 42 C immediately upon removal
fromi the cold hath and kept in the bath until
the foot femperature reached the lmel of the
animals rectal temperature. Al animals were
Ziven agueous penicillin G benzathine and acre
returned to individual cages. Two rabbits cach
of zroups 1 and 2 were killed at ihe folloaing
intervals affer exposure: 15 and 30 minutes; 1.
2,3.4. 6. and 1I2hours; and 1, 2.3, 4, 5.6, 9, 12,
16. IR. 20, 24, 30, amd 40 days. Eleven and 18
animals of zroups 3 and 4. respectively, wore
included, Immediately after death, a 2-cm tise
sye Mok was Gissecled from the metatarsal
area of the slantar sutface of the foo” and fixed
in Hr%, neateal formaldehyvde solution {(forma-
Iimd. Tont.ol sections came from the opposite
fool and from randomly sclected stock animals,

Arch Path—=Vol 82, Sept 1971
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Sections of the fixed tissues were stained
with hematoxylin-eosin, Mallory’s phospho-
tungstic acid-hematoxylin, Masson’s, VerhoefT's
stairi for elastic tizsue, and the PAS technique.

Results

Gross Observations.—Upon removal from
the freezing mixture, ..e foot was observed
to be frozen up to the line of immersion (the
tarsal-metatarsal  junctioni. The involved
portion of the extremity appeared waxy and
ashen and was frozen solid.

In those a..imals allowed fo thaw slowly
tgroups 1 and 43, the foot temperature
reached a level of —2 C quickly, and then
remaincd near this fempemture for 20 to 30
minutes. The temperature then rose rapidly
to body temperature level i Fig 2). During
this period, the skin gradually developed a
faint pink color. One hour after exposure,
the foot was bright pink and had become
quite turgid, Within two hours, the color
became bright red, and the skin witz covered

- by a clear transudate. Due to massive ede-

Fig 2.—Temperatute curves of deep foot tissue,
one representative of each of the four experimental
groups. Feet of animals in groups 1 and 2 were kept
in cold bath for X8 minutes after freezing occurred;
then group 1 feet were thawed alowly (air) and qroup
2 fect rapidly (hot watet). Group 3 feet ware kept frozen
45 minutes before being rapidly thawed. Group 4 feet
were kept frozen only unlii deep tissue temperature

MERSD LINE

Fig 1.~—Diagram of rabbit foot showing plantar
arterial arch, site of deep thermocouple, and immes-
sion line,

reached bath temperature, then thawed slosly. Time
frazen in the bath is represented by cross hatches:
time in bath before freezing occurred, by hatch lines
slanting up left to right; time out of bath still frozen,
by hatches stanting down left to richt; and tim= thawed
hut below maximum rewarned temperatute, by open
blocks.

i 4 T 1 - ] k4 ¥ - b . = -
q0r- - i~ ’
= Joreme. -
‘ :!_5 .A! //\.._—_.
_ " = - = - € - & -
3{}“ —_ : o .,gfsgeje E;:, vEFruE & R
3.4 2 4:1371
ii’zﬁﬁ*ia“!h : :f § -
20 - }E . i
: * M
(&) B hd e ;
. . o
w 10 o . | f bk
I * - ERN I
. * - >
2 ; P
g O — . o e BTN e i e e e e e e e e e e )
o i NS . f""—;‘:;
uj HE S
o L 3 o/ 1
Z -0+ 17 I ]
o D PSR |
-ogk 3‘«»—“% A e e j
: C I sretvetrErr e

1]
fud
&
A )
S P
|

TIME

ek Pati—V

[ S SEUIUI SRR N i =

- -

.
:
)
4
L]
t
*
1]
L]
:
L]
L]
¥
’
|
| IS TR

(22N

2
IN HOURS

of 92, Sepl 1977

it B

bl i

bbb

e

m

e

I

LR

i

'

A

i

!




VASCULAR INJURY HDUE TO COLD—CARPENTESR ET Al 15

[ R LR

il

Hliicyi

Fig 4.—Grass appearance of rabbit foot five 20 sev.
en days alter skw thawing (group 1}. The immersion

fine (arrow) is distinctly delimited by the gangrencus
fcot and digits.

accomplished in four to six minutes. The
skin becamie blue while the foot was still in
the warm bath and remained blue for as
long == -three days. Edema and cvanosis
wore much more marked afier two homurs

Fig 3.—Gross appearance of radbit foot two to
four hours aiter completion of slow thawing (group
1). The foot is markedly swollen due to edema. Ar-
rows indica.e Ifevel of immersior tine,

A f FOn b b
e T e el it g R A

ma. the foot assumed the appearance of a
rubber glove distended with water 1Fig 3.
During the next faw hours, the deeper tis-
sues graduaily assumed a blue tinge, On the
following day, the skin was dusky red and
irvegularly covered by a grey transudate,
The fout was wet and cool. The cdematous
condition persisted for three to four days,
after which time the fluid decreased in
amount. The skin then became wrinkled and
Ioo=e. then dry, hard, :md black. Toe line of
demarcation between blagk, dry, mummified
tissue and pink. soft. viable fissue became
sharp after five to seven days « Fig 43,

Thiz sequence of events was noticeably
altered in extremities that were mpidly re-
wanmed igroups 2 and 3. Thawing was

e AT AR ) D £ Mt

Ay Iy

phis M
.

than at the same time interval in stowly

thawed limbs. The [ ¥ were warm, moist,
and swollen aiter 24 hoars. After three days,
the phalanges were in many cases dusky
gray and gangrenous, while the dorsal foot
pad remained warm and blue. Five days
affcr exposure, a d..rk, dried cschar could be
peeled from underlying viable pink tissue.
The oot stub remained larger than normal
for over 49 dayvs, and the skin was red, thin,
and shiny.

Evaluation of tissue survival showed re-
sults similar to those previously reporteds:
poor in groups I and 4, with no survival
below the immersion line; good in group 2
with survival below the immersion Line in all
animals, sometimes including phalangeal tis.
sue: and half and half good and poor in
group 3.

Microwopic  Findings—Slowiy Thaired
Tissues—During the fi: st hours after termi-
nation of freezing. one of the most sfriking
phenomena is the progressive shedding of

Areh Path Vol 53, Sept 1971
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VASCULAR INJURY DUE TO COLD—CARPENTER ET Al

Fig S~Top left, Deep plantar muscle and connec- left, Same 5 top left but foliswing rapid thawing
tive tissus three days afier slow thawing (group 13.  (group 2). Note proliferation of gra~i 'ation fissue and
Note the muscle necrasis, absence of piroliferaton of  preservation of sarcolemma cel's (hematoxylin-eosin,
granulation tissue. and presence of edema and hemor X 204", Bottom right, Same tissce and time in‘srval
thage (hematoxylin-eosin, %204). Top right, Deep as top right, but following rapid thawing {group 23
planar artery from midioot 12 hours after slow thaw- Endothelial cells are for the most part st present.
ing (group 1). Many endotheiial cells are absent, The The metia rontains curled muscle nuchei and focal
mcdia conlains nectotic muscle cells, granulocytes,

areas of decreased ground substanze hematouyhn.
and erythrocytes (hematoxylin egsin, x818). Bottorn  ecsin, x816).

cndothelial cells into the lumina of the blood  contain segmental arens of liquelzetion ne-
vessels. The sequence of endothelial mor-

crosiz. Beginning about three to tour hours
phelopry appears to be pykn-sis followed by  after termination of cold exposure. the walis
loss of cvohesion with the adjacent intima  of the vascular svstem and the adjacent
'Fig 3, top righty. During this same time, supporting tissties contaln increasing num-
the internal elastic lamina becomes irregu-  bers of both ervthrocytes and grasulocytes.
Iarly it and fragmented. Increasing By 12 hours postesposure «Fig 5, top right s,
amounts of elastic tissue lTose their affinity  exudation is associtted with edema, hemor-
for easin and for VerhoefT's stain for elastic  rhage, and necrosis throughout the wails of
tissare. the vascular system, which progress in inten-
The media likewite exhibits striking sity +Fig 6. fop}. Throughout the initial
changes. Curling and twisting of muscle nu-  four-hour period, the adjacent tissues exhibit
clei is followed by progressive pyvknosis, kar-  increasing distortion und vacuolation of sket
volysis. and karyorthexis. The adjacent

etal muscle bundles accompanied by capil-
greund substance becomes increasingly pale  Liry congestion. After 24 hours these tissues
ant vacuolated. By four hours after cessa-

contain areas ¢f suppuration.
tion of cold exposure, the arferies and veins

Proliferation of granulation tissue is con-

Areh Pati—Val 82, Sepr 1971
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VASCULAR INJURY DUE TO COLD—CARPENTER ET Al 157

Fig 6.—Top lett, Deep pluntar artery from nudfoot
three days after siow thawing (group 1). Note ccmpeete
necrosis of intima and media  (hematoxylin-eosin,
*408). Yop right, Same as top left but from group 4,
Mole the focal area of intmal proliferation. The
media contains celklar debric. herathage, and grany-

spicususly ubsent except for small focal are-
as surrounding some of the more superficial
arfericles :nd venules, Vassels inthe Iatter,
superficial location are in general less dam-
aped than the deeper vessels of the plantar
arch. Murad necrosis of these deeper vessels
(Fig 6, iop) is associaled, at three days,
with nooesis of the adjacent skelelal muscle
and hemorrthage and edenm of the surround-
ing conineclive tissue (Fig 5, top Iefiy. By
six days, necrosis and suppuration have
progressed to gangrene of the entire foet up
to the immersion line.

Rapidly Thaced Tissues~~The endotheli-
al cells, for the most part, remain attached
{o the underiving intima (Fig 5. holtom
right}, but a few are desguamaiad, particu-
larly from focal avens in which the intima is
cievated by fbrin and erythrocytes. The
internal clastic lamina remains intaet, and

locytes (emnatexylineeosia, X408). Evttomy Jeft, Same
as top left, but rapidly thawed {group 3) (hematoxylin-
eosin, X816). Bultom vight Seme as bottom feflt but
group 2. The endothelial cells re atiively orofiferat-
ing 2% are Sestain celis in tne media (X816

there is much less curling and. twisting of
medial muscle nuclei. The supporting tissue
become edematous immediately after thaw-
ing as oprased to the 30-minufe dolay that
occurs in slowly thawed tissues. Likewise,
rapidly thawed fissues confain capillary ring
hemorrhages as carly as 13 minutes after
thawing, but these hemorthages are rely
seen in slowly thawed sccticus before one
hour. After one hour, comparison between
rapidly and slowly thawed tissues reveals
not only that the Ialferare more severely
damaged, but that under these experimental
conditions the oquivalent reactions occur
about € to 12 hkours Inter in sowly thuwed
tissues than in rupidly thawed tisases, Thiz
comparisor is sunmmarized in the Tablo,

In rapidiy thawed tissues, the absence of
endothelinl shedding is no less striking than
is the presence of endothelial proliferation.

Ak Path—VYol 82 Sept 197
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Fig 7.~-Top Seft, Contrcd deep plintar artery wnth
intimal profiferation. This s an untommnn fmding
in controls £xB16). Tep right, Superficiat artey 3
vein 27 days alter rapad thawing. Nolr tine sbgencs
of intimal proliferation in the artery. and the presente
of marked intimal proffesation ¢ the wein {Verhcefls

By three days, the endothelial cells from
grouy 2 areriez {Fig 6, boltom righl) are
hyperchromatic and appear to be actively
proiiferating. At the same fime interval. thiz
phenomenon has progressed even further in
group 3 avieries {(Fig U, bollom Iefls, as is
manifested by intimal thickeninx. In a given
case, however, this degree of intimal thick-
¥ring cannot be distinyruished fro:a the natu.
rally occurring endemiv intimal pe-diferntion
that one sove in o fow whbits @FL, 7, Inp
i, By three to four weeks (Fig 7, top and
bottom right). however, irtimal prolifern-
tion has progressed weli bevond eve™ the
maost striking example of the naturally on-
curring disease. 8y 60 dayvs, many of the
nriferies of the plantar arch present $he pic-
{ure illustrated in ¥Fig 7. boltom Icfl.

Under these experinenial  conditions
there are two othoer inferesting proliiemtive

days after rapid thasing. Note the mmassive mtimal
profizration (henutorylineotin, x201). Bottom right
Deep artary 27 days Mter capd Umpaing. Note th
marked intimal proaferation (Verhoe®s $tain, % 203).

phenomena that occur after rapid rewarm-
ing. One of these coours in the media of
grteries and veins and is rmanifested by hy-
perchromatism and pleomorphism of arca-
Jemimic and Sbroblastic olements Fig 6,
bottem’y. In the case of the aderics, these
cytulogic changes do no! indimte profifera-
tion since they do not fermiaate. at feast in 80
davs, in meaial fibrosis or thickening, These
morphologic altertions in cells of the media
may be relafed to redisposition of zamor-
phous ground substance. Ieerease of ground
suls=tance is apparent after three days and >
gorticularly prominent about I+ davs after
termination of exposun: Fip & f2p and
bottom rights. Areas of decrensnd or absem
groud substance ke the form of distinet
bands that gradiadly decrense in widih ns
nastir ovcurs. The cvloptasm-nf the medial
colls increvees In density. making the cellu-

Arch Futh— Vel 92, Sepr 1071
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Fig 8.—Top lelt, Soep plantar ve'n 21 days after
rapid thawing. The wall las ten reslaced by celluiar
connective tissue (hematoxyyin-cosin, X203} Top night,
Deep plantar attery 13 days afler rapid thawing. Note
the peripheral “clear™ area of media with decreased
or absent ground substance (hematoxylin-cosin, X254:.

Iar outiines unusually distingt. As this pro-
oot ensthies, fceened density also gradu-
ally appears between the cells @ that the
coll outlines onoe agnin appear indistinct.
This sequenee suggests actual seeretion and
deposition of ground substance by medint
cells. At any one time all phases of this
repamtive phenomenon are apparent in o
given arfery. In the cse of veins. however,
medial proliferative phenomena lead to re-
itlacement of the medin by cellular fibrous
tizmue ¢ Fig & tap Icjts. There appears to be
no increse in clastic tissue in either arferies
or veins Conversely, the wveins appear {o
o elasifc fisswe, bt we are wmebde to sy
whether this alse cocurs in the arjerics,
Prohifemiive phenonuna zre also readily
apparent in the surroueding skeletal musele
aml conncetive {issue. Three days after tor-

Bottom left, Deep plantar artery 27 days after rapid
thawing. Note the inteansitentiy broken internal efas-
e lamina {(Verheell's stan, X204 Bottom right,
Sarre a5 top right. Nole the focal arzas of decreased
ground cubstance in the mediy (hematoxyln ecsin,
x2C4L

mination of exposure, profiferation of granu-
Intion tissue is well under way and asseci-
ated with considemble sircolemmic activity
+ Fig i, bottom Icfiy.

It i= of imporianve to revomize that alf of
those processes oy aml often do occur ina
segmental fashion. This sezmenial distsibu.
tion iz particulurly likely to occur the nearer
soctions are {aken to the immersion Iine
Any given section may show focal or sop-
mental reactions, \Ve have scen both intimz!
proliferation and mediat necresis limited o
one side of an artery or vein. An example of
foval loss of ihe intemal clastic Inminn is
illustratoedd in Fig & dofiom Ieft.

Conwnent

I’ war showh in similar  earlier
saperiments® that rapid rewarming had o

Arck PathVol 22, Sept 1971
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160 VASCULAR INJURY DUE TO COLD—CARPENTER ET AL

Comparison of Siowly and Repidly Thawed Tissiies

- Slowly Thawed Rapidly Thawed
f.dema 30 min immediate
Capdliary hemorrhages 1hr 15 min
Casquamation of Uniformly present himoss absent

endothelial celle
hddi-by

7raymentation ot internal Uniformly present

~iastic lamina

Atmast absent

dysfunction,}.*-14-17 Probably
hoth factors are involved,
their contribution depend-
ing on the nature of the in-
jury, tissue-specific gradi-
ents of susceptibility. and
cxperimental or environ-

Medial degenecation Marved Minimal to mmt:‘a! conditions. These
~nd nezrosis moderata experiments have shown
£audaticn 5 hr T T ahr primary damage in vascular
Beginning protiferation 72 B° Y P T tirsue, which can be icssened
ut foroblasts y i by rapid rewarming, Put,
Endothelal regencrs tion AS;nb:;s: :‘ompie:nly ‘a‘l:i' $;t::;kshe:) evers with this beraficial
Medial pr.&iferation Almost conpietels Well extatifished treatiment, s’x’;ms of injury
sheent at 72 he are still present. The oon-

Capillary budding Icattered supericinlly Vieil estahlished cept of tissue injury includes
Gangrene E::ie: ‘;::? D:::t:i::v —- bath the initial damn;ze and
—_— - the response to the damage.

Resnonse includes repair. In

beneficial effect per se on tissue survival,
with rapidly thawed feet (group 3} showing
hetter survival than feet which were siowly
thawed (group 1) even though the rapidly
thawed ieet were actually in a frozen state
twice az long as the slowly thawed. The poor
tissue survival in the animals of group 4 is
consistent with the previous obeervations.

While it has been established that rapid
thawing increases tissue survival after freez-
ing iajury,!s the reason for the eifect is not
known. There is appareatly some effect be-
sides the simple reduction of the time fro-
zen. Altemation of ioe crysiat size is not a
likely expianation since, incofar as speed of
temperature change affects types of ice erys-
tal formation, most mammalian freezing in.
juries are believed to fall under the category
of slow freezing and thawing.2¢ Other wn-
known factors alse affect the histopatholog-
ical changes that foilow freezing infury;
there is apparently a species fissue-depen-
dent gradient of stusceptibility to varios
tvpes of injury and to different degrees of
the same injury.}-"-1% For example, Lewist
observed carly degeneralive changes i
striated muscle. This was not present in the
striated n.uscle of this series, but was most
striking in the media of arleries and veins
{Fig 5, boltam right}.

Opinions concerning the pathogenic asis
of loml cold injury have Deen divided
between  investigators whe have empha-
sized damage 1o the supioding tisques? 23302
ani theee who slres primary circulitory

the blood vesels examined, both primary
damage and inflammatory and reparative re-
sponses to the damage have been observed.
Other investigators have also noted joss of
endothelium foilowing freezing injury,i51521
and Iater endothelial proliferntion 1113151021
Subendothelial proliferation has also been ob-
served in large vessels frozen directly by
cryotherapeutic techniques =3

The study has shown that rapid rewsrm-
ing has an accelerating offect on the histo-
logical sequence of changes which Tollow
freezing injury. A corresponding enhancing
effect has been scen by some in the patho-
physiologic events which follow freezing in-
jury, such as edema formation and rate of
metabolism 37,8

Although ther2 is less pross fissue loss
after rapid rewarming. it is possible that the
chronic sequellac could be as incapacitating
as & more extensive ioss of tissue. Chronic
skin, nerve, and circulatory alterations are
frequent clinical manifestations of frostbile
injurics. ¥~ The proliferative intimal changes
scen in the major vessels in these oxperi-
ments, with sometimes almost complete oc-
clusion of the lumen, couid cortainly lead to
chronie vascular insufficiency.

Mention shouid be made of the control
firdings. The occurrence of minimal endar-
teritis obliterans in suppesedly normal mb-
hit arleries would urquestionably compli-
cale-investizations concernad with studying
minimal degrees of intinud prodiferation. A
related drawback to the use of mongrei dogs
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for the study of arteriosclerosis has been
recorded,*> and similar changes occur’in the
cat.*> However, the naturally occurring en-
darteritis obliteruns we have observed is not
as severe a5 thal observed in rapidly thawed
vessels 14 days after exposure and never
appreaches the messive changes seen aftez
€0 days.

Conclusions

Gross and microscopic findings in slowly
and rapidly thawed tissues, under this set of
experimental conditions, indicate that rapid
thawing, in comparison to slow thawing,
leads to (a) an accelerated inflammatory
reaction, (b) less severe vascular and sup-
porting tissue injury, (¢) earlier healing,
and {d} decreased permanent tissue los:.

“Histolozic reactions to cold injury are evi-
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dent in vascular and supporting tissues im-
mediately after thawing. Surviving rapidly
thawed vessels present varying degrees of
irreversible endarteritis obliterans. Conirol
rabbits show a mild, naturally occurring,
endarteritis obliterans.

This conmunicution represents research fask NM
41 02 00 from L Burewut of Medicine and Surgery,
Navy Department.

The experiments reporfed herein were conducted
according to the principles set foith in the Guide jrr
Laboratory Anitaul Facilities and Care prepared by
tke Commitiee on the Guide fur Labomtory Ani-
mal Resourves, National Academy of Sciermes-
National ‘Research Counvil.

Nenproprietary and
Trade Names of Drug

Penicillin G benzathine~Bicillin. Permapen,
Bicillin L-A.
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